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Development of Radioacth BeanmIat LAMPF

fora Eigh Prwkfon Testoftha Standaxd Model

aml as a Step Towards an IaoSpin Laboratory

D. Weir&, R Chambdq“ D. Reman (CaL SL Univ.). V. S-

D. ~ C. Wieman (thhf. of CoMILA), J. WouttG (3. Batlcr,

Y. Bai (mail SL univ.), and R Gik2kmt(univ. of GicSSen)

Abtract

This is the final rcpofi of a three-year, Laboratory-Dkcctcd Reseamh and

Dmbpmnt(LDRD)projcctattbBLoaAkosNationalbbmtory(LmU.
Pmddng high yields of isotonically pm beams of radioactive heavy ions is

thctedmkalchakngofadngthBkoSpinUbrmory(lSLJ 71iDmahtobjeuivc

ofthispmject iatodesi~~ xmlmakoqmicda~

Hc-]ct systm at LAMPF to provi& high-intensity ‘U”*%S iSotopS for an

atolnicparity nmmmcrvation (Pm) ~t~~a--~
source for radioactive bcums. The Cs-PNC oxpcdmd itself would take

scvcralycam bqondliKmXcssfdoonrpldunofthE&vdopmcntsoutlindin

this project. The cxpodmnt seeks to masurc tb 6s-7s PNc transitionrate

forthis scricsofcs iso~. Fmmtheratios ofthcscratus nm8m'cdinthe

different isotopes,a fidammdtcsl oflhcstanuad lnodclcanbc madeattha

Ievd of 0.2%. Herein, we describe tho ~fid oporation of a thin-
Ho-jot systun oporatkg at primary km intodtks of up to 7tXlyA with

pductim yields of 107to log atomds for a wick range of Imnvolatm and a

radiokmpos.

,1. Background and Remarcb Objcctlvcs

PankyNOIKwnsemlsioninAtomic$wnts

The PSlityImnmnsming (xNc) 6s-7s tmSition mtoin Sulblocmhlm(’%%) tw bwn

mcawwl bya group fromthoUnbmxity d CdmuJu to au accmy d 2% [1]. Wbn

combincdwithatornk matrixolmmtdubtkma (mcunllyimpmvcd10an accuracy

Wrhc@al hlvcstigator, omaik vioiraWanl,gov
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Ofl%m, tbisinhnation leacktoafkknm$d tEstofthe Wmdardmodclofekctroweak
.
~- Expusedinmnns of the weakcwpliug~to tiz(ow), w WOCICpn3vidC0a

25% Imumentofthis consantthataIises fhXnz?-yhudbewe atvaylowmommmml

trauskr. ThiaIcsuhis mbccontrastcdwit12tlle-0.15%aocumcy mcawmEm ofsin2(ew) as

&ducaifromthe n2msoftlm# assumingq=~=l~GeVP1. Soiftheatomk

m~mb*bmtim mhtibdof~(a~a2%~e M

~dtiWCtiwititid*_@*a_=dti~

Imdd.

AnimprOvcdato2nicPNcmmmmCnt Ofatabkcstkatks sfwthlbcttecaignwo-

noise thantheprevious expcdmentand whkb-to*afinalexpimuM

unccrm@ofo5%iaaow rngKogrcsaattheudvcrs@ ofcolorado. Ho~, tlElilding

umrtddyofthisoew measmmntis aote%peded tobetheexfdnem ,butratbrthe

uaccru@oftheatotnic matrixek4nBnt~ AlthOu@itiapOaWeandlikdy tbat

tksc CakuuOm can beimpfovditis notckar wbenmhowtbe accucacyofttwddatkms

will bovdfiedat Ilw103kvd. InthisworL tbi; limimtionwouldbererked ~takiaga

ratioofsewralcs isQu?pessudlumtthccfkdofti -ti*tuXcddcs
effectivelydrops mL As mendy mviewcd by leadingauthori~ in this fti [3], it Asexactly

thisquiulmt Whichistowcdasbcing oIwoftkEfwmost@ortantqdnents tbatcarlbe

donetofurther testthestadard n20&l.

l'hu&thcmaingod ofthiaworkiatocxplom arddedoptbetdudogy necemryto

tmdertalcea multi-isotopeCs PNCexpcdmcntat tk 0.2% kvd This can be achiovd thrcmgh
b&6-d-d*ti~*J*-htidb~d-

areas at LANIW to prwidc a mliabk pducti~ m * -of ld atomds fm cud of k
rdioisompcs ‘s’Bcathatareof intucstintho qerimuw Our Uaivarsityof Colorado

collabmatorsdevelopedthe trappingandceding techniqwi needd fm the mcasmmM WC

hvc__ti~mh A*tititiqti_of~ti
magReto-o@icdtrap(MOT). Future work at Los Alamm involvescouplingour MU’I’to a

massscpmtorad~bowb muaSumth04s-7smSitionmte inauato222trap&ttlua

Univaaityof C!olordo.

W kSpih Lu&tmdory

Besidesrhovnlueof the thin target,He@ systcm* and tccbudogy for tlioatomic
PNC~t, rho tcchaology would also be ofhigb value to * rdloaciive bwuuiiwiiity,

The Iowumrgy nuclearSC&nmcommunityInNorthAnwricah dcvulopinga pqwsal to build
a fduty, dkd the h!lph &bLWUMU(EL). ~~t cu @UM ~~~ rangeof U~OCHY
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=e~ia-~@-~(m~lO1i~),_=

beanlplrityand~ and-kcnqyupto-20 MoV/u. f3ivemtheISLbacbma&

ck!dguwMchconsis&ofmolMin8massscparam-bwEdmmr post-accekmmsystun

locatcdatahigh-intedym dim-cm gyproumacc8krmr [4J,IAMPFisconsidemda

-~ sitEfbranlSL Bytakiog*stqa mdcvcloptk fhntcndoftho ISLim.

thcthirl~H+tsystcmsuppmdbythispro~wealealsoum&tahg@ortant

R&DdimctlymkwanttoamblingmISL llusasoeondgoal ofddspmjcctistodevelopa

r&alstpmdlXXionmcthodasthe fkststcpindwola@lg aaISL~radioactiw heam

wiveatLrla Alamos.

2. Importame to LANL’s Scleme and Technology Base and National R&D

Needs

kcessfM&volopmnt ofardmstsmuccof rdioaUm“ Cs_*LAMPFwill

leadtommsumm&of atoIuicpsritymmmwmwl ● fwarao~of~ kotopes. Theresulrs

fiornsuchrncm~will perrnitnpmciskm tostofthosModardmockdthatiscompambloto
th~oftk?maaa. Ihiaisaldghpiocity mammmnt iathefkldofnudear

andpartkle physi= TIMC+PNC ~ isvorycompkz (bdyalargo umltidisciphm

~,-asha—~ thischaDq@gax@ment whichdraws
uponour expertisein acdmmr&thc@uct.&n alKlbdliogofintonm ~ of slmK-

Jivcdn&activily, ionsoumcandmEsa ~~,db-hkw
msrdpulationand atomicphysics mwmonmlt~ Momovor,thisproject winalsolay

uucialgmnadwtifortbo North ~ISLinitiadvcaudatro@y psitioo

MMPWLANSCE to be the site of the IsoSplnLabmtmy.

‘fbocolErcta &monsKdonofhigh-in&nshy proddousoums isvm`yiro@autto

h EL Miativo, whichhas -ntly been recommcndod[m as thomost important now

faciMyfwthotioldof *scknc& FinalJy,ttlc&vo@nmt ofanopticaltmpcoupkd tua

MSSSseparator(or massspcdromc@ may have technologybamsforor CRADA potmtid as a

UowOnvironmaltalndtodng systomfortmcOamolmfsoflong-livcd radioactivc-ti

arobardto detod fmm thdr naturalradkwtiw &cay signahuu



3. SdesMIc Approach and Rasdta

The CS-P.NC~t @ m u ktm wi~~ -on of fi-~ ~
iWegm3rnathia target (@caUy-20mg/cm20f - Urauium)via pretml-inchKd fiadoa

a-tim-titi~td~, ~v~mtiwti~ti

amp '18ereaotilxlpro&ctamCoiloutofthem'getaodam&malked andtmBpmedby Hc

gastoaskimmrwbte the Heis Jargelyremovedand aubccpmtly rccimlated. Tltemactioo

Pro&tstrcintmducediato aaioascnumextmctd =ebratd andmasssepamtd Fortbe

PNc Cxperkm tbcmass+epmtCdteamWuddbeaamdatd matbhfoil ~y

thecolkctedcsw@d bevapoIiAa6aornsatld thmtrappcdandcookd inl mag@o-@d

@[d. oacebalplEdthca doudof—lo’’atoms ia~ I?l*-d

_f~in@~~w~~t itimofti&7S~titimk
isllMaawl with bcuimintBTKitiesoflo%tomdsties-with w-livcsoftwo

minutes or longer (k % to %), we expect to achim an experimental umxdainty in

sia2(&J of 2 parts in 1($.

_&~ofthe~&whvetiqtiy@~-h: (1)

Complclingthe f~ “ of the Ho-jetsysmrm(2)inatal@ the Ho-@inthomairr beama#p

regionof the LAMPFncc+mtora@@)te6tingaad@imizhgthe opedonoftbeHo-jet
~stemwithprotoa baunink@lcs“ “ ofupto700@ ‘I’lmHe-jetay6temom6id80f awatm

- ~z (*W wanhm), He-jetchamber(see Fig. 2) which is placed in the beam

Stoprcgiouandwhidlisccmrmcd viaoaeormomcapMuytubestoahelinmgas m&dat&n
aad Oe~d8tcotionsystcmlocatcdsomc30maway. Our flndngsim!icate tbatwith

wMw@dd*-bm@yMtiqti-*b-ti 10
to 700 pA with noevidencs of heatdri~ turbulmceeffects. Ovwall He-jet trampcwtand

collectioneffinch varkd fkom15 to25% cbpmting on Ho targetprcsaurc,flow rate!&md

aero801scoditior& Wccoddcr —emdmuus ‘ to be quiteI’casorleblcgiven tba W-jot

Wf~ val~mporced bytbe ChaUcItivcrgmp~ heavy ion beamaof l~or~

Fmwr~d*ti-m- fw=dofb Gtimoftitb

the PNC experimentrangedkm 107to 10~atomd~ whichsatisfioaour minimum

mquimmcmtsfwtho PNCex- Amoreddaibddyh ufoucmsdtsismrdyia

p-. m l*jd #YW 1~ dably, pmxhming high yidds of Cs and othar ‘

d_*--halWk-*-~~y~vi~Hti-~_

h keeping with the nxommcdatlona of tboIs@pin Mmmtory (ML) whitepaperon

~withkdioacdvo NuclutwBeatns[5], wehavoiavast@keI thethlaO

target/ lIeJat a~pmch, in p@ as an onviroamntally safoalternativeto tho$tandad thick-

targotapproaoh ASthe thick”tatgettmtbwl * beWfurvOMilcqxxie thatIqAIIy Wh9e
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titib~mti~/w@-b-md**4Mm-

Volatikapecics Assuc&tbcscmethods lcpmsmtmmphEwypmdudonSOufccafor

which higtkiitensity ckmmaKdmhavo lxcnstKmgIy~ ~themdioacdvotxam

“’y. The Hc-jcttcsfatbatwe hrmjostcompktdmpescmttbc firstauCceSdhigtl-

intmai~ dwnoM&ationOftlmthbtargd tdudogy.

Aaasccondacoptoward undcmbgtholdgh-@olity G-PNc~wehavc

_~W~~~@--__@tihAJ-. Usinga>W
mX1-, mhw--b4x lom-of*ba(mRg.3). Weare

curremlywoddngonimpmvingourtrap@ngeEichcybycoatingourglasstrapp@coUwilh

aspccialnowtickcoating and byuaingtwo-etmpping li~ Extensm“ efkwtlmt

alsogcmcinto upgmdhlgoOcofolucxiadngmas$ sepamtmtoaKmmm&@ akf0I'. Our

ncartumgoalisto daxmstmto the trappingof radio@ivc *CS ml b mas+qmtOr-

coupkdMOTbythGcndof 1995. Bcyondthedimctai@bmcoof this~toti

G-~C~~mi~~hfftiti WDkti&*_tofa~
qmmwo@dMUI'as ancwan@dcaltooltithcultra+onsitivc~ofcx tmrmly

smallquantitiesof long-livedradioactivespecks withappiicaticmsto nonproliferationand

natiowdsocudty.
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Fig. 3, 141gh-lntetwitytrapping of stable dun atoms using a magneto-opticd trap, Tlto

number d trappd atoms is showu w a fbttAon d’ IusurAnhwity using 4-cm tliamalcr beums

and a reddetuuing of 20 MHz from the 6S1U - 6P* cycling transition ut 852 nm.


